INTRODUCTION {#sec1-1}
============

Research and development in dental adhesives have been focussed upon simplifying their application techniques. The most currently used adhesive system classification is based on the number of steps necessary for clinical application and their interaction with dental hard tissues. Total etch adhesive systems, which remove the smear layer with phosphoric acid and combine the functions of primer and adhesive in one bottle, have been widely used.\[[@ref1]\] Although long term clinical success has been achieved with total-etch systems, the demand for simplified application has increased, resulting in the development of self-etching adhesive systems.\[[@ref2][@ref3]\] The bonding mechanism of self-etching adhesive systems is based on the simultaneous etching and priming of enamel and dentin without rinsing forming a continuum in the substrate and incorporating smear plugs into the resin tags.\[[@ref4][@ref5]\]

Effective adhesives are expected to seal the etched dentin surfaces by intertubular and peritubular hybridization and by resin tag formation in the opened dentinal tubules.\[[@ref6]\] This seal prevents fluid shift across the tubules occurring in response to mechanical, thermal, or osmotic stimuli. However, abiding by the hydrodynamic theory, if the tags formed within the dentinal tubules were too long, it could cause post-operative sensitivity.\[[@ref7][@ref8]\] But combining a resin adhesive with a previous application of desensitizing agent seems to be contradictory at first sight, considering its effect on resin tag formation and the bond strength of composite resin to the tooth structure.\[[@ref7]\]

Even though the use of a desensitizing agent prior to application of dentin bonding resin seems to be promising,\[[@ref7][@ref8]\] we are not aware of its effect on the degree of conversion of the dentin bonding resin. The degree of conversion (DC) of the resin material is related to many properties, including mechanical properties, solubility, dimensional stability, colour change and biocompatibility.\[[@ref9]\] Hence, the aim of this *in vitro* study was to determine the degree of conversion of an etch-and-rinse dentin bonding resin and a self-etching adhesive resin used with and without a desensitizing agent using Fourier Transform Infrared (FTIR) spectroscopy.

MATERIALS AND METHODS {#sec1-2}
=====================

Adper Single Bond (3M ESPE), an etch-and-rinse bonding resin and Adhse One (Ivoclar Vivadent), a self-etching adhesive resin were chosen for the study. The materials used in this study and their composition are shown in [Table 1](#T1){ref-type="table"}. The four study groups are as follows:

Group I: Adper Single Bond (*n*=10)

Group II: Adper Single Bond + Vivasens (*n*=10)

Group III: AdheSE One (*n*=10)

Group IV: AdheSE One + Vivasens (*n*=10)

###### 

Materials used, their manufacturer, and composition
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Group I and Group III specimens were prepared by curing 1 ml of the bonding resin in a vial for 20 seconds. Group II and Group IV specimens were prepared by mixing 1 ml each of the respective bonding agent and Vivasens in a vial, which was then immersed in an ultrasonic bath and mixed for 1 minute. The specimens were then light cured for 20 seconds. Ten such specimens were prepared for each group. The specimens were then sent for FTIR spectroscopy (Spectrum One, Perkin Elmer, USA) analysis.

Assessment of degree of conversion {#sec2-1}
----------------------------------

Degree of monomer conversion (DC%) was assessed using FTIR Spectroscopy. First, the spectrum of the unpolymerized resin was measured and then the infrared spectrum was recorded. During spectra recording, the resin was continuously in contact with the sensor. DC% was calculated from the aliphatic C=C peak at 1638 cm^-1^ and normalized against the aromatic C=C peak at 1608 cm^-1^ according to the following formula

DC% = {1- \[C~aliphatic~/ C~aromatic~\] / \[U~aliphatic~/ U~aromatic~\]} × 100

Where C~aliphatic~ = absorption peak at 1638cm^-1^ of the polymerized specimen,

C~aromatic~ = absorption peak at 1608cm^-1^ of the polymerized specimen

U~aliphatic~ = absorption peak at 1638cm^-1^ of the unpolymerized specimen and

U~aromatic~ = absorption peak at 1608cm^-1^ of the unpolymerized specimen

Statistical analysis was based on ANOVA and Post-Hoc tests with a level of significance of *P*\<0.05

RESULTS {#sec1-3}
=======

[Table 2](#T2){ref-type="table"} shows the mean degree of conversion (DC%) values and standard deviations of the study groups. The FTIR spectra of the study groups are shown in Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}.

###### 

Mean degree of conversion (DC%) values and standard deviations of the study groups
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![FTIR spectra of group I (Adper Single Bond)](JCD-14-302-g003){#F1}

![FTIR spectra of group II (Adper Single Bond + Desensitizer)](JCD-14-302-g004){#F2}

![FTIR spectra of group III (AdheSE One)](JCD-14-302-g005){#F3}

![FTIR spectra of group IV (AdheSE One + Desensitizer)](JCD-14-302-g006){#F4}

Statistical analysis showed a significantly higher DC% values for Group II (Adper Single Bond + desensitizer-47.49±2.79) compared to Group I (Adper Single Bond - 37.61±3.03). Comparing Groups III and IV, Group IV (AdheSE One+desensitizer - 40.93±3.65) showed a significantly higher DC% values compared to Group III (AdheSE One-36.71±2.77). Comparing the groups without desensitizer, no statistically significant difference was found between group I (37.61±3.03) and group III (36.71±2.77). Comparing the groups with desensitizer, group II (47.49±2.79) showed a significantly higher DC% compared to group IV (40.93±3.65).

DISCUSSION {#sec1-4}
==========

The most commonly used esthetic restorative materials are the resin composites that are bonded to the tooth structure via an adhesive material. Adhesion of resins to tooth structure has been a goal for dental researchers for many years. The interest of adhesion focussed on the factors and techniques for enhancement of monomer penetration. Dentin-bonding agents have evolved over the years, with the introduction of a new system of bonding in every generation.\[[@ref1]\]

The "Total-etch" adhesives or "Etch-and-rinse" adhesives combine the primer and the bonding agent into a single solution.\[[@ref10]\] A separate etching step is still required. As this system requires several time consuming steps, manufacturers attempted to reduce the number of steps and corresponding application time, making more user-friendly adhesive systems. In recent years, self etching resins containing acidic methacrylates have been introduced in an attempt to eliminate the steps of etching and rinsing.

The application of dentin adhesive can result in the formation of long resin tags within the dentinal tubules, which may lead to postoperative sensitivity.\[[@ref7][@ref11]\] A method of reducing postoperative sensitivity is by using a desensitizer along with a dentin bonding agent. Studies have been done to check the effect of application of a layer of desensitizing agent on the bond strength of the bonding agent, but no studies have been done to check the degree of conversion of the bonding agent when a desensitizing agent is incorporated into it.

Hence this study was done to assess the degree of conversion of dentin bonding agents on addition of a desensitizing agent using FTIR spectroscopy. The extent of polymerization of a material is expressed as degree of conversion of monomeric C=C bonds into polymeric C-C bond, which affects both physical and mechanical properties.\[[@ref12]\] Incomplete conversion results in residual unreacted monomer which may cause a reduction in material properties, a decrease in the long term stability of the restoration and pulpal irritation.\[[@ref13]--[@ref15]\] FTIR was used in this study as it provides a direct measure of unreacted methacrylate groups.\[[@ref16]\] It is a reliable and fast technique used for detecting C=C bond stretching vibrations directly before and after curing of resins.\[[@ref16]\]

According to this study, the combination of a dentin adhesive with a desensitizer showed an increase in the degree of conversion (Group III and Group IV) compared to when dentin adhesive was used alone (Group I and Group II). Dentin adhesive/desensitizer combination can be used to mechanically block patent dentinal tubules or physiologically decrease the excitability of the intradental nerves to relieve hypersensitivity. Vivasens, the desensitizing agent contains organic acids such as phosphoric acid methacrylate and solvents such as ethanol which induce the precipitation of proteins in the dentin liquid. Moreover, the sealing effect is enhanced by co-precipitating polyethylene glycol dimethacrylate, which is present in Vivasens.

Polyethylene glycol dimethacrylate is a condensation polymer, which acts as an organic filler and cross links molecular chains of polymers.\[[@ref17]\] Therefore an increase in the degree of conversion in Group II and Group IV can probably be attributed to the presence of polyethylene glycol dimethacrylate.

CONCLUSIONS {#sec1-5}
===========

Within the limitations of this *in-vitro* study, it can be concluded that the use of a desensitizing agent along with a dentin bonding resin does not affect the polymerization of the bonding resin and can be recommended to effectively prevent postoperative sensitivity associated with composite restorations.
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